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CuO CATHODE IN LITHIUM CELLS
I. INFLUENCE OF THE DECOMPOSITION CONDITIONS OF Cu(OH),
ON THE PROPERTIES OF CuO
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Summary

The electrochemical properties of CuO in galvanic cells with a lithium
anode show a correlation with the conditions of its preparation from Cu(OH),.
To attain the highest cell discharge capacity and a favourable discharge
voltage, the Cu(OH), must be decomposed at 300 °C for 2 h. Differences in
the properties of CuO prepared under different conditions are attributed to
a variable content of chemically bound water in the form of residual OH
groups. No other phases were detected in the CuQO structure by X-ray
analysis.

Introduction

The Li-CuO system, with a discharge voltage of 1.0 - 1.4 V, is one of
the few lithium cells suitable to replace the classical Lieclanché cells [1 - 3].
Both the highest attainable cell capacity and the discharge voltage are influ-
enced by the method of preparation of the electroactive CuO material.

It has been shown m our preceeding work [4] that thermal decomposi-
tion of CuCOj- Cu(OH)2 = H,0 leads to CuO samples with an electrochem-
ical capacity which exceeds 90% C, (theoretical specific capacity C, = 0.674
A h/g of CuO). The discharge voltage of cells prepared from them, however,
was initially too high (1.7 V) and could cause problems in practical applica-
tions. This was attributed [{4] to the presence of contaminants, such as
Cuy(OH)¢S0O,, which could not be removed during the preparation of the
active material. The purpose of the work presented here was to prepare very
pure copper hydroxide and then to decompose it under conditions which
resulted in optimum cell parameters.
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Experimental

Preparation of CuO

Very pure copper oxide can be obtained by decomposition of Cu(OH),
prepared by precipitation of a Cu(NO;), solution with ammonia. Impurities
such as Cu,(OH)3NO; can be either washed out with water or decomposed
at temperature under 300 °C [5] to give CuO and gaseous products.

To find the optimum conditions for the precipitation, we studied the
influence of the solution temperature. The best product was obtained as
follows. An aqueous solution of approximately 1M reagent grade Cu(NO;),
was precipitated by boiling with 10% reagent grade NH,OH (both Lachema,
CSSR) in the presence of several per cent of NH/NO;. The precipitated
hydroxide was partially dehydrated during boiling for 8 h, washed and de-
canted several times, filtered, and dried at 105 °C in air. The resulting non-
stoichiometric mixture of CuO and Cu(OH), was used to study the influence
of the temperature and the duration of the thermal decomposition on the
electrochermnical properties of CuO.

The decomposition took place in an evacuated glass ampoule placed in
an electric oven. Comparative experiments were done with the glass ampoule
open to the atmosphere. For temperatures of 500 °C and higher, an open
porcelain mortar was used.

Electrochemical measurements

Thin electrodes [6, 7] were discharged galvanostatically at room tem-
perature with a current corresponding to a 10 h discharge. The cathode mix
consisted of equal parts of CuO and Teflonised carbon black [8], i.e., 75
wt.% acetylene black P1042 (Stickstoffwerke, Piesteritz, GDR) for better
conductivity, and 25 wt.% Teflon GP-1 (ICI, U.K.). This was rolled onto a
nickel gauze, a part of which served as current lead (square density 0.285
kg/m?, wire diameter 0.05 mm, mesh size 0.08 mm). The CuO content was
about 15 mg/cm? The cathodes were discharged in a glass cell with two
large lithium counter-electrodes and a Li reference electrode in an excess of
1M LiClO,4 in propylene carbonate (containing less than 50 ppm of water)
electrolyte (both Fluka). The cathode capacity (in %C;) was measured to a
discharge potential of 1.0 V against the Li reference electrode.

To detect electroactive impurities, voltammetric curves in the range
2.8 -0.8 V us. Li/Li* at a sweep rate of 3 mV/min were measured under the
same conditions.

For comparison, the discharge curves of ‘‘thick” electrodes were also
measured. These were prepared by pressing about 120 mg of the cathode
mix at 200 MPa onto a copper mesh as a central current collector. Circular
tablets of 10 mm dia. were discharged in a glass ampoule with an excess of
electrolyte and lithium at a current corresponding to a 100 h discharge. The
composition of the cathode and the electrolyte was the same as with the
thin model electrodes.
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The cells were assembled in a dry box under an-argon atmosphere con-
taining less than 20 ppm H,O.

Non-electrochemical measurements

The copper content of the active material was determined by com-
plexometric titration [9] and the Cu(II), Cu(I), and Cu metal contents were
determined by a polarographic method [10]. The BET specific surface area,
granulometric composition, thermogravimetric analysis, X-ray and XPS
diagrams of CuO samples were measured by standard methods.

The quantities of water and oxygen evolved at elevated temperatures
were determined as follows [11]. A weighed amount (0.5 g) of CuO was
placed in a thermostatically controlled U-tube through which argon was
passed at a constant rate. The tube was slowly heated (1 °C/min) up to
500 °C. The water and oxygen contents of the outlet gas were measured
separately.

Results and discussion

Thermogravimetry of the partially decomposed Cu(OH), revealed that
the lowest temperature necessary for complete decomposition is 300 °C.
Since our previous work [4] showed that prolonged heating of CuO causes
degradation of its electrochemical properties, we investigated the effect of
the time of decomposition of the hydrated CuO at 300 °C on the discharge

capacity of the product. The results (in %C,) are shown in Fig. 1. It can be
seen that a 2 h decomposition leads to a product giving the highest capacity,
nearly 100% C,, regardless of whether it was prepared under vacuum or in
air. The capacity is lower after a shorter decomposition time, since unde-
composed Cu(OH), remains in the material. This can be seen from Fig. 2,
where the solid line is the voltammetric curve of the best CuO sample and
the dashed line corresponds to incompletely decomposed Cu(OH),. The
indistinct peaks close to 2 V probably correspond to the reduction of
oxygen and water adsorbed on CuO {[12], since no significant impurities
were found in the CuO samples. The peak at 1.8 V, corresponding to reduc-
tion of Cu(OH),, diminishes with prolonged heating, while the peak at
1.1 V, corresponding to the reduction of CuO, increases. At potentials below
1 V intercalation of Li* ions into the carbon black present in the cathode
mix takes place [13].

When the heating time exceeded 2 h the capacity decreased to 80 - 88%
C; (Fig. 1) and did not change further. Increasing the decomposition temper-
ature had a similar effect (Table 1); less active forms of CuO with a capacity
of 77 - 88% C; were produced. A similar result was obtained after 4 h decom-
position at 900 °C in air. The decrease in capacity is probably related to
changes in the kinetics of solid-phase reactions [14 - 16] due to the changing
concentration of defects in the CuO lattice during heating, since no differ-
ences in the chemical composition of the samples were found by chemical
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Fig. 1. Dependence of discharge capacity (%C;) on the decomposition time (h) of the

sample. Thin electrodes, 10 h discharge rate; O, decomposition at 300 °C under vacuum;
®, 300 °C in air.

Ii1 tmA/emd)

EV] (it

Fig. 2. Voltammetric curves. : most active CuQ, decomposed for 2 h at 300 °C in
air (99% C;); — — —: sample containing Cu(OH), (72% C,;).
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TABLE 1

Dependence of discharge capacity (%C;) on the time and temperature of decomposition
in the presence of air
Thin electrodes at a 10 h discharge rate

Decomposition temperature Decomposition time

0 1h 2h
300 82 99
350 81 81
400 88 88
500 79 84
600 77 86

BV (At

1 1 i 1
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Fig. 3. Discharge curves for thin CuO electrodes at 10 h discharge rate. 1, Sample decom-
posed for 2 h at 300 °C in air; 2, as 1 but 400 °C; 3, as 1 but 4 h at 900 °C.

analysis. Their purity was substantiated by XPS diagrams, which showed
only traces of sodium and carbon. The specific surface area, about 2 m?/g,
and the granulometric composition of the samples were practically constant.

The discharge curves of samples obtained by decomposition at various
temperatures are shown in Fig. 3; the discharge potential decreases with
increasing decomposition temperature. Curve 1 (99% C;, 2 h at 300 °C)
shows two reduction steps with a similar discharge potential (1.4 and 1.3 V),
suggesting the presence of two substances with different reduction kinetics.
X-ray analysis, however, showed the presence of only one phase, i.e., mono-
clinic CuQ, in all samples under study. The differences in the electrochemical
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Fig. 4. Rate of desorption, r (ppm/min), of water and oxygen from the most active CuO
sample during increasing temperature at 1 °C/min.

activity can rather be attributed to changes in the concentration of defects
in the crystal lattice and in the residual content of chemically bound water.
This explanation is supported by the presence of the indistinct peak at 1.8 V
on the voltammetric curve of the best CuO sample (Fig. 2), corresponding to
reduction of Cu(OH),, as mentioned above. Hence, it seems that some
residual OH groups are present in the active form of CuO. It is remarkable in
this respect that OH groups are responsible for the high discharge capacity of
active forms of MnQO, in aqueous medium [17 - 19].

To substantiate this point of view further, we measured the rate of
desorption of water and oxygen from the CuO samples during heating; the
results for the most active sample are shown in Fig. 4. The physically ad-
sorbed water was desorbed below 200 °C while the rate of desorption was
highest in the range from 260 to 370 °C. This is due to the gradual decom-
position of Cu(OH), residues in the CuO structure; with less active samples
the residues of bound water were eliminated by the higher decomposition
temperature and/or prolonged heating. In the temperature interval con-
sidered, only a very small quantity of oxygen was released from the sample
(Fig. 4), i.e., 0.1% up to 400 °C, hence, there was no decomposition of CuO.
(The total quantity of water desorbed up to 500 °C was less than 0.8 wt.%,
i.e., also small.) .

The discharge measurements on thin model electrodes, which yielded
data about a large number of cathode material samples, were in agreement
with results obtained on the thicker electrodes which contained more active
material and were subject to a slower discharge (Fig. 5).
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Fig. 5. Discharge curves for electrodes from samples decomposed for 2 h at 300 °C in air.
1, Thin electrode, 10 h discharge rate. 2, Thick (practical) electrode, 100 h discharge rate.

Conclusions

Copper oxide cathodes for lithium batteries can best be prepared
from CuO formed by thermal decomposition of pure, hydrated copper
oxide under defined conditions (300 °C, 2 h in our case). Shorter decom-
position times reduce the capacity of the sample due to the presence of
Cu(OH),. Longer decomposition times or higher temperatures cause removal
of the residual OH groups present in the active CuO structure, resulting in a
decrease of both the discharge potential and the capacity. It is still possible,
however, that the differences in the electrochemical behaviour may be
attributed to a different defect concentration in the crystallographic lattice
rather than to the presence of different phases in varying proportions.
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